Abstract: This study presents a gender-based investigation of the determinants for information sharing in open learner model-based collaborative learning. Structural equation modelling is used for analysing the survey data to explore the relationship between perceived usefulness, perceived ease of use, trust and the information sharing intention of learners. The results reveal that all three factors have a significant impact on learners' information sharing intention. There is a significant gender difference on the perceived ease of use for information sharing. 
Introduction
With the rapid development of information and communication technologies, technology-based collaborative learning is becoming popular for improving learning (Sridharan et al., 2011; Sridharan and Deng, 2014; Huang, 2015) . This popularity is due to the benefits that collaboration technologies including open learner models (OLMs) provide exemplified by improved participation and enhanced information sharing (Sridharan et al., 2009; Karunasena et al., 2013 ).
An OLM is a collaborative technology to visualise learners' knowledge and their misconceptions in learning. It can be used to share information between learners and compare with each other's progresses, therefore providing learners with opportunities to develop their self-reflection and self-assessment skills. Despite the benefits of OLMs for facilitating information sharing, their utilisation is not encouraging (Chen et al., 2007) . Existing studies try to address this issue through introducing new interaction methods between OLMs and learners and suggesting different knowledge representation formats (Bull and Kay, 2010) . Few studies have been conducted to examine the gender difference on information sharing in OLM-based collaborative learning.
Understanding the gender difference on information sharing in OLM-based collaborative learning is critical for improving learning. Various studies have pinpointed the effect of gender on information sharing through the adoption of collaborative technologies in collaborative learning (Chan et al., 2013; Huang et al., 2013; Chan, 2015) . Interesting findings are derived in how males and females engage with collaborative technologies for sharing information. There are, however limited studies of the gender difference on information sharing through the adoption of OLMs.
This study presents a gender-based investigation of the determinants for information sharing in OLM-based collaborative learning. Structural equation modelling is used for analysing on the survey data. The results reveal that there is a significant and positive relationship between perceived usefulness (PU), perceived ease of use (PEOU), trust, and the information sharing intention of learners in the adoption of OLMs for improving collaborative learning. Furthermore, the results also show that there is a significant gender difference on PEOU for information sharing in the adoption of OLMs.
The rest of this paper is organised as follows. In Section 2, the related literature is reviewed. In Section 3, the research model is discussed. In Section 4, the research methodology is described. Subsequently in Section 5, the data analysis results of this study are presented followed by the discussion in Section 6. Finally in Section 7, the conclusion, limitations and future research of this study are given.
Literature review and motivation
OLMs are effective for facilitating the sharing of learning information (Bull and Kay, 2010) . The adoption of OLMs allows a direct engagement of learners with their pedagogical models, therefore directly contributing to the development of their learner models. Such a practice provides learners with opportunities to compare their learner models with those of their peers and enables learners to collaborate their learning.
Many initiatives have been proposed to encourage the adoption of OLMs for information sharing in collaborative learning. Chen et al. (2007) , for example, represent OLMs as animal companions to encourage learners' engagement. Kerly et al. (2008) use conversation agents in adopting OLMs to facilitate collaboration. These studies are conducted for improving learners' motivation to share information using OLMs by focusing on the interaction method and the knowledge representation format (Sek et al., 2015a (Sek et al., , 2015b . There is, however, limited research about the gender difference on information sharing through adopting OLMs.
There are differences between males and females on information sharing in adopting collaboration technologies (Chan et al., 2013; Chan, 2015) . Such differences are due to the fact that females are more expressive and social-oriented, whereas males are more task-oriented (Shi et al., 2009 ). Various studies have been done in this regard shown as in Table 1 . Ong and Lai (2006) , for example, study the difference between males and females on the determinants for information sharing in an e-learning environment. Lu et al. (2010) and Chai et al. (2011) investigate the gender difference on the determinants for information sharing in a blog-based environment. Chan (2015) explores the gender difference on the determinants for information sharing in the use of social media. The willingness of males and females in sharing information is also influenced by the features and functionalities of individual collaboration technologies Sek et al., 2015a) . Various collaborative technologies have their own characteristics. As a result, the effect of gender on the determinants for information sharing with the adoption of different collaboration technologies is different Sun and Jeyaraj, 2013; Sek et al., 2015a) . A gender-based investigation of the determinants for information sharing in OLM-based collaborative learning helps determine how to provide learners with assistance for improving learning.
Research model and hypotheses development
With the comprehensive review of the related literature, a conceptual framework is developed for facilitating the investigation of the determinants of learners' information sharing intentions through the adoption of OLMs, given as in Figure 1 . Trust is about an individual learner's willingness in dealing with the risks from actions conducted by others (Tamjidyamcholo et al., 2013) . It affects the intention of learners in exchanging their information. Trust facilitates the formation of interpersonal relationships in learning for effective information sharing (Liu et al., 2014) .
The successful adoption of collaboration technologies for information sharing is built on trust (Liu et al., 2014) . Tamjidyamcholo et al. (2013) , for example, reveal that trust is essential for information sharing in virtual communities. Liu et al. (2014) point out that trust has a significant effect on learners' willingness to share information. In OLM-based collaborative leaning, trust is about an individual learner's belief that OLMs can facilitate the sharing of accurate and reliable information. If learners trust that the adoption of OLMs can facilitate information sharing, they are more willing to adopt OLMs. The above discussion leads to the following hypothesis:
H1a There is a positive relationship between trust and the information sharing intention of learners in OLM-based collaborative learning.
Trust is critical for the successful formation of social relationships (Chan, 2015) . It has become a facilitator for promoting the smooth communication in a relationship (Chan et al., 2013) . It is a motivator for sustaining close interpersonal relationships in collaborative learning (Chan and Ma, 2015) . When females interact with others, they are more concerned with sustaining relationships than males who emphasis more on control and competition (Chai et al., 2011; Huang et al., 2013) . Females are more significantly affected by trust than males. Sun et al. (2007) , for example, point out that females achieve high levels of initial trust and perform better as well as willing to share information in computer-mediated virtual environments. Chan (2015) indicates that females' trust on social media platforms has a stronger effect in predicting online information sharing compared to males. In OLM-based collaborative learning, females' participation in information sharing would be higher than males if they trust their learning platforms. As a result, the anticipation of females to place a stronger emphasis on trust compared to males has leads to the following hypothesis: H1b The positive relationship between trust and information sharing intention is stronger for females than for males.
PU refers to learners' belief of the likelihood with which information sharing can help improve learning performance through adopting collaboration technologies (Huang, 2015) . Learners' intention to share information through the adoption of collaboration technologies would increase if they are able to improve their academic performance (Huang, 2015) . Cheung and Vogel (2013) indicate that learners' willingness to engage in collaborative learning is affected by the usefulness of the collaboration technologies.
In OLM-based collaborative learning, PU is the degree to which individuals believe that using OLMs for information sharing would be able to improve academic performance. If learners believe that the adoption of OLMs for information sharing can enhance their performance, their willingness to share information would be improved. This leads to the following hypothesis.
H2a There is a positive and significant relationship between PU and the information sharing intention of learners in OLM-based collaborative learning.
There are gender differences on PU for information sharing in the adoption of collaborative technologies (Terzis and Economides, 2011) . This is because males are more task-oriented than females (Minton and Schneider, 1980) and they focus more on achievements and accomplishment than females (Hoffman, 1977) . Males are more interested in adopting a technology if such a technology can help them complete their task effectively (Terzis and Economides, 2011) . The effect of PU on the adoption of collaborative technologies for information sharing significantly differs for each gender. Venkatesh and Morris (2000) , for example, reveal that males give more consideration to PU than females in adopting a new technology. Ong and Lai (2006) indicate that PU is critical for males to share information.
In OLM-based collaborative learning, males would have a higher interest compared to females in sharing information through the engagement of OLMs if the adoption of OLMs can help improve their performance. This leads to the following hypothesis: H2b The positive relationship between PU and information sharing intention is stronger for males than for females.
PEOU is about the degree to which learners believe that using collaboration technologies for information sharing is free of efforts (Cheung and Vogel, 2013) . If learners can adopt a collaboration technology for information sharing without difficulties, the intention to share information would be higher (Su et al., 2010) . Cheung and Vogel (2013) reveal that PEOU has a significant positive impact on the willingness of learners to adopt a collaboration technology in sharing information. In OLM-based collaborative learning, PEOU is about the degree to which learners believe that the engagement with OLMs for sharing information would be free of effort. Learners' willingness to share information through OLMs would increase if learners can utilise OLMs without difficulties. This leads to the following hypothesis.
H3a There is a positive and significant relationship between PEOU and the information sharing intention of learners in OLM-based collaborative learning.
PEOU influences the adoption of technologies in learning (Cheung and Vogel, 2013) . In particular, females are the ones who would be affected most when it comes to the adoption of specific technologies as compared to males. By nature, males are more familiar to technologies as compared to females who are more concerned about the ease of use of the technology (Bozionelos, 1996) . Females are willing to adopt technologies in learning if they can utilise the technology easily (Ong and Lai, 2006) . Terzis and Economides (2011) , for example, show that females are more likely to use the computer-based assessment if it is easy to use. Ong and Lai (2006) point out females are strongly influenced by the ease of use of e-learning applications. This leads to the following hypothesis in OLM-based collaborative learning: H3b The positive relationship between PEOU and information sharing intention is stronger for females than for males.
Research methodology
This study aims to investigate the gender-based determinants for information sharing in collaborative learning through the adoption of OLMs. Two research questions are formulated as follows:
a What are the determinants of learners' information sharing intentions through the adoption of OLMs?
b Are there any gender differences in the determinants that influence learners' information sharing intentions?
To adequately answer these questions, a quantitative research design with scenario-based and web-mediated prototyping is employed. Such a design is frequently used in human-computer interaction research for describing the design specifications and the functionality of a prototype (Carroll, 2000; Sek et al., 2015a) . In this study, the pedagogical features of OLMs for facilitating information sharing are made available for each respondent. This transparency affords the respondent to become aware of the features available in OLMs for information sharing. Surveys are commonly utilised for gathering information directly from respondents on their views, attitudes and behaviours about the adoption of specific technologies (Creswell, 2003) . They are suitable for this study because direct questioning is used to investigate respondents' acceptance of OLMs for information sharing.
The measurement items for measuring PU and PEOU are adopted from Davis (1989) . The trust measurement items are adopted from Zhou (2011) . A seven-point Likert scale is employed for each statement ranging from one describing strongly disagree to seven indicating strongly agree. Table 2 shows the items used and the corresponding alpha value for each construct and the mean and the standard deviation for each item. Before administering the study, the questionnaire is reviewed by four experts to ensure the semantics correspondence between the measurement item and the underlying variable.
The questionnaire consists of two parts. Part 1 involves the participant's profile. Part 2 focuses on the intention of learners' acceptance of OLMs for information sharing. A pilot study is conducted to test and validate the reliability of the questionnaire. Several of the original items are revised based on the test results. The improved questionnaire is used.
Convenience sampling (Creswell, 2003 ) is adopted in this study because the selection of respondents is based on the voluntary and availability basis. The participants are undergraduates with experience in engaging learning management systems in Malaysian universities. Obtaining the learning experience from these participants provides reliable data regarding their OLMs acceptance for information sharing.
This study employs a web-mediated survey to collect data from the participants. Before assessing learners' acceptance of OLMs for information sharing, participants are introduced to OLMs through a scenario-based OLMs prototype by using Adobe Captivate 7. The online survey is distributed to 325 undergraduates. A total of 272 participants have responded. The characteristics of the respondents are shown in Table 3 . Structural equation modelling is used to assess the validity of the determinants of information sharing. It is appropriate for evaluating the relationships between measured variables and unobserved constructs and predicting the relationships between unobserved constructs. To assess the fitness of the measurement model, confirmatory factor analysis (CFA) is performed by providing evidences on the validity of individual measures based on the model's overall fit and other evidence of the construct validity (Hair et al., 2010) . To assess the model's overall goodness of fit, various model-fit measures are used including chi-square (χ 2 ), the ratio of χ 2 to degree of freedom (χ 2 /df), the goodness-of-fit index (GFI), adjusted goodness-of-fit index (AGFI), normalised fir index (NFI), comparative fir index (CFI), root mean square residual (RMSR), Tucker-Lewis index (TLI), and root mean square error of approximation (RMSEA).
Multiple group analysis is performed to evaluate the existence of gender differences on the determinants of information sharing intention. The advantage of using this test is due to its capability to identify the path differences in male and female groups. 
Data analysis and results
The overall measurement model fitness is assessed by goodness-of-fit indices. Table 4 presents the fitness indices of the measurement model. Overall, all the indices exceed their respective recommended acceptance levels suggested (Kline, 2005; Hair et al., 2010) . This shows that the measurement model demonstrates an adequate goodness fit with the data. With this result, the psychometric properties of the measurement model are assessed on reliability, convergent validity and discriminant validity. The reliability and the convergent validity of the determinants are evaluated by the composite reliability (CR) and the average variance extracted (AVE). Table 5 shows the result. The CR of each construct is evaluated using Cronbach's alpha. All the CR values for the determinants in the measurement model are above 0.9 which exceed the recommended thresholds (Kline, 2005) . This shows that there is an adequate CR of the measurement model. The AVE values for the constructs are all above the recommended 0.50 level (Kline, 2005; Hair et al., 2010) . This shows that more than one-half of the variances observed in the items are accounted for by their hypothesis factors. Table 4 Fitness indices for the measurement and structural models Notes: TLI = Tucker-Lewis index; CFI = comparative fit index; RMSEA = root mean square error of approximation; SRMR = standardised root mean square residual; df = degrees of freedom; GFI = goodness-of-fit index; AGFI = adjusted goodness-of-fit index; NFI = normalised fit index; CFI = comparative fit index; RMSR = root mean square residual.
a References are taken from Hair et al. (2010) and Kline (2005) . The convergent validity of each determinant is examined by evaluating the determinant loading and the squared multiple correlation as in Table 6 . It shows that the corresponding factor loading for each item is greater than the recommended value of 0.5 (Hair et al., 2010) . The squared multiple correlations between individual items and their corresponding factors are higher than the recommended value. This shows that the measurement model exhibits an adequate reliability and convergent validity.
To examine the discriminant validity of the measurement model, a comparison of the shared variance between the factors on the square root of AVE of individual factors is conducted. As shown in Table 5 , the off-diagonal shared variances between these factors are lower than the diagonal square root of AVE of individual factors. This shows that the measurement model exhibits adequate discriminant validity. The measurement model shows adequate reliability, convergent validity and discriminant validity. To test the proposed hypotheses, further analysis needs to be conducted on the structural model. A similar set of goodness-of-fit indices is used to evaluate fitness of the structural model. As show in Table 4 , eight model-fitness indices are used. The result indicates that the structural model exhibits a good model-data fit which can be used for further investigation on the determinant and the gender differences in the information sharing intention of learners in OLM-based collaborative learning. Figure 2 shows the standardised path coefficients in the model. Hypotheses H1a, H2a, and H3a are all supported. Trust (β = 0.256, p < 0.01), PU (β = 0.226, p < 0.01), and PEOU (β = 0.335, p < 0.01) have a significant positive effect on the intention to share in OLM-based collaborative learning. Overall the model accounts for 45% of the variance in explaining the information sharing intention of individual learners in their learning.
To further investigate the gender difference on the acceptance of OLMs in collaborative learning, multiple group analysis is performed. The purpose of using this analysis is to verify whether gender differences can be found between males and females in the strength of path coefficients. As shown in Figure 3 , the path coefficients for the Trust-ITS, PU-ITS, and PEOU-ITS links in the structural model are all significant for the male group with the model accounted for 53% of the variance in explaining their information sharing intention. On the other hand, the path coefficients for the Trust-ITS and PEOU-ITS links in the model are all significant except PU-ITS for the female group which is insignificant. This female model accounts for a total of 32% of the variance in explaining the intention of female learners to share their learning information.
To investigate whether the path coefficients for both males and females have any differences, χ2 difference test is performed by constraining each path coefficient to be equal across males and females. The resulting constrained model fit χ2 values from male or female groups are compared to the χ2 value for the unconstrained model to obtain the Δχ 2 from the base model. Table 7 shows the result of multiple group comparison of the paths for males and females. Trust is not a stronger predictor of the information sharing intention for females than for males (Δχ 2 = 3.143, p < 0.05). This means that hypothesis H1b is not supported. PU is not a stronger predictor of information sharing intention for males than for females (Δχ 2 =3.077, p < 0.05). This shows that hypothesis H2b is not supported. PEOU is a stronger predictor of information sharing intention for males than for females (Δχ 2 = 5.067, p < 0.05). This reveals that hypothesis H3b is not supported. 
Discussion
This study shows that PU, PEOU and trust are critical for information sharing in OLM-based collaborative learning. PU affects the willingness of learners to share information through the use of OLMs. This result is consistent with the finding in Papadopoulos et al. (2013) . To promote the sharing of learning information through the adoption of OLMs, educational institutions have to explain to learners about the advantages of using OLMs. The significant impact of PEOU on information sharing in OLM-based collaborative learning identified in this study is in line with previous findings of Hung and Cheng (2013) . The willingness of learners in adopting collaborative technologies for information sharing would increase if they are able to use that technology without difficulties (Hung and Cheng, 2013) . This means that OLMs need to be designed with simple and easy-to-use interfaces to encourage active engagement of learners in adopting OLMs
Trust has an impact on learners' information sharing intention in OLM-based collaborative learning. This finding is consistent with the previous studies including and Ye et al.'s (2006) . Learners' adoption of OLMs for information sharing can be improved if they are able to obtain reliable and trustworthy learning resources shared by each other in OLM-based collaborative learning.
This study shows that there are gender differences on the determinants that influence learners' information sharing intention. With regards to the trust determinant, there is no significant gender difference between females and males on information sharing intention through the adoption of OLMs. This result is inconsistent with the study conducted in Chai et al. (2011) and Chan (2015) . Males' trust in the adoption of collaborative technologies for information sharing would improve if they have a full control on the collaborative technologies' functionalities (Ding et al., 2011) . If males can have an option to share or not to share their information publicly, males' trust in adopting OLMs for information sharing would be increased. To promote information sharing for males in OLM-based collaborative learning, regulating sharing of personal information is critical.
The availability of online communication technologies to facilitate exchanging of information can improve females' trust on the engagement with OLMs for information sharing. This is because females not only can communicate with each other smoothly and privately through the use of these technologies. It also helps in establishing good relationships and enabling the formation of social ties in collaborative learning. As a result, trust building through the utilisation of OLMs for facilitating the sharing of information in OLM-collaborative learning can be achieved.
There is no significant gender difference between males and females with respect to PU on information sharing intention. This result is inconsistent with previous study in Venkatesh and Morris (2000) and Ong and Lai (2006) . The current proliferation of collaborative technologies for improving academic performance has permeated the everyday lives of learners. As a result, the differences between males and females in the adoption of collaborative technologies in learning have reduced until no significant differences can be found (Chou et al., 2011; Wong et al., 2012) .
The effect of gender on PEOU on information sharing in OLM-based collaborative learning proves to be significant in the opposite direction. PEOU is unexpectedly found to be a stronger determinant of the intention to share for males than for females. This finding is contradictory to the view of Ong and Lai (2006) who reveal that females are more likely to be influenced by the ease of use of collaborative technologies than males. This may be due to the fact that simple design and easy-to-use collaboration technologies available in OLM-based collaborative learning have attracted male learners to have more intention to use OLMs for sharing their learning information. Existing studies show that males have relatively more tendency to feel more at ease with technologies (Gefen and Straub, 1997) . This tendency is more significant in the adoption of technologies in teaching and learning processes (Zhou and Xu, 2007; Yau and Cheng, 2012) . Based on this research finding, simple visualisation of learners' learning progresses and easy-to-use collaboration technologies can help improve learners' engagement with OLMs to facilitate the sharing of learning information.
The findings of this research have several theoretical and practical contributions. Theoretically this study presents an empirical study of the gender-based determinants for information sharing in OLM-based collaborative learning. Practically, this study shows that PEOU has the most significant direct effect on information sharing for men. This means that developers should focus more on the development of easy-to-use functionality of OLMs to attract potential male learners to adopt OLMs for information sharing.
Conclusions, limitations and future research
This study examines the determinants of learners' information sharing intentions in OLM-based collaborative learning. It shows that PU, PEOU, and trust affect learners' information sharing intentions in OLM-based collaborative learning. The result indicates that there is a gender difference on PEOU. Such findings provide educational instructors with insights on the acceptance of OLMs for information sharing.
There are some limitations in this study. Firstly, the sample of this study is only from universities in Malaysia. To generalise the findings, the sample should be extended to the universities in other countries. Secondly, scenario-based and web-mediated prototyping is used in this study. Further studies can be conducted in a real environment in which learners can reflect on their experience in engaging with OLMs for information sharing.
